I. REPORT DATE (DD-MM-YYYY)
2. REPORT TYPE rhe objective of this Grant was the development of computational tools to analyze the interactions of Electric Propulsion thrusters with complex structures, such as complete spacecraft, spacecraft in a vacuum tank, or a neighboring formation-flying spacecraft. This -ntailed substantial extensions and refinements of previous 3D Hybrid PIC code, including adoption of an unstructured tetrahedral grid, mating of this grid to surface grids generated Dy commercial solid modeling software, integration into the AFRL COLISEUM architecture, illowance for non-quasineutral regions due to obstacles in the plume, streamlining of the zollisional operators (no-counter DSMC, MCC option) and allowance of a non-constant electron temperature. Several verifications were run against laboratory data, including plume surveys in our Laboratory of the BHT-200 thruster and a shield-wake experiment of J. Pollard using the larger PPL-90 thruster. This Report summarizes these accomplishments, mainly by reference to the several papers and Theses that were generated, copies of which are attached as a CD. This entailed substantial extensions and refinements of previous 3D Hybrid PIC code, including adoption of an unstructured tetrahedral grid, mating of this grid to surface grids generated by commercial solid modeling software, integration into the AFRL COLISEUM architecture, allowance for non-quasineutral regions due to obstacles in the plume, streamlining of the collisional operators (no-counter DSMC, MCC option) and allowance of a non-constant electron temperature. Several verifications were run against laboratory data, including plume surveys in our Laboratory of the BHT-200 thruster and a shield-wake experiment of J. Pollard using the larger PPL-90 thruster. This Report summarizes these accomplishments, mainly by reference to the several papers and Theses that were generated, copies of which are attached as a CD. For each population, the major source of velocity spread was found to be the existence of two distinct populations, are originating from the nearest portion of the annular chamber, the other from the opposite side (numerically, reflected through the axis of symmetry). These populations are reported and used separately for each radial position on the exit plane. Also, the charge-exchange ion population was split into two, one coming from the thruster, the other formed outside, but ahead of z = 11 cm adopted as our plume initial condition (z = 8cm is the actual exit plane). These initial conditions contain a wealth of information that strongly conditions the development of the plume downstream; there is little change that good plume spread predictions could be obtained from crude initializations that do not account for thruster detailed geometry and operating conditions.
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The actual simulations were done on a tetrahedral grid adapted to the engine, to the tank used in the experiments (except for a shortening of the tank length beyond the plume shields) and to the experimental shield plates with its leading edge at 600 from the centerline. The non-neutrality option was exercised.
The comparison of current densities in the computations and in the experiment (tank pressure of 1.6 x 10-6 Torr) was reasonable, clearly showing the sharp decreases in the wake. In retrospect, however, the comparison suffered form the use of simulated probes with a narrow acceptance angle, as opposed to the wider angle likely accepted by the actual probes. Thus, the experimental data contain side-glancing impacts from chargeexchange, low energy ions, that are missed by the "numerical probes". The agreement improves with distance downstream of the shield, and the code adequately captures the back-filling of the wake through collisions and ion trajectory deflections due to the negative potential in the wake.
In addition, Ref. [11] shows a parametric sequence of runs varying the tank pressure.
There are extensive non-neutral areas behind the plate and the engine when Ptk = 2.7 x 10-7 Torr but these areas are limited to the immediate vicinity of the plate's back side when Ptk = 1.6 x lO 5 -Torr, and are absent at 1.6 x 10-4 Torr.
Interactions with the AFRL COLISEUM Team.
Our AQUILA code served as the first test case for the wider framework of COLISEUM, which is expected to accept a diversity of plume and interaction codes as long as they conform to specified interface specifications. Because of this, there were frequent indepth discussions between the two teams, and these were very useful on both sides, uncovering flaws in COLISEUM specs on the one hand, and suggesting useful improvements in AQUILA on the other. Later on, as the team from Virginia Tech U. began to integrate their own models into COLISEIUM, the AQUILA team was able to act as an advisor and facilitator. Later additions and changes to both HPHall and AQUILA have been communicated to AFRL for integration into COLISEUM.
A brief chronology of the AQUILA-COLISEUM interaction has been prepared for this Report, and is contained in Appendix A. 
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